investigation to 'which he had been aroused by the final establishment by Pawlow of the importance of the vagus in the nervous mechanism of gastric secretion.
He found in the dog, provided after the method of Pawlow with a secondary stomach, that the subcutaneous administration of atropine simultaneously with, or immediately prior to, feeding by the mouth induced a prolongation of the latent period and a diminution in the volume of the gastric juice secreted even to one-eighth of the average normal amount ; that its administration subsequent to feeding also resulted in a diminution of secretion, the latent period, however, remaining unaffected; and, further, that the diminution in the volume of juice secreted was associated with a reduction in its acidity even to one-half or one-third of the normal. concluded from this that atropine exerted in the human being as in the dog not only a qualitative effect in dimninishing the hydrochloricacid content of the gastric juice, but also, very probably, a quantitative effect in diminishing the volume of juice secreted. Troller, working with Riegel, endeavoured to establish the latter effect by actual observation on the human subject in a case where the secretion of gastric juice was induced by the mastication of meat without any of it being swallowed.
The action of atropine in reducing the acid values of the stomachcontents was confirmed later by von Aldor in six cases, and by Schift in eight out of eleven cases. These observers also investigated the influence of atropine on the peptic activity of the stomach-contents, and with somewhat divergent results, for whilst von Aldor found that the peptic activity was reduced in association with the acid values, though to a less extent, Schiff found it to be quite unaltered, or but slightly and inconstantly reduced. Observations somewhat less complete, but also confirmatory of Riegel's results, have been made by Pirrone, Ferranini, Plesoianu, Forlanini, and Lieutier; whilst Leubuscher and Schiifer and Bouveret and Hayem, on the other hand, were unable to determine that atropine had any action on the secretory activity of the stomach.
There thus appeared to be sufficient evidence to merit this drug worthy of trial in such conditions as are associated 'with an excessive secretory activity of the gastric glands, and for some years it has been the practice of one of us (F. Craven Moore) to employ at first atropine, and later belladonna, in cases where an examination of the stomachcontents after a test-breakfast has revealed abnormally high acid values. The results of any such treatment are difficult to formulate, but the impression gained is that the administration of belladonna exerts a definite beneficial effect on the subjective manifestations of such conditions. Accordingly it was decided to utilize the opportunities at our disposal to inquire further into the action of this drug by repeated observations on the individual members of a considerable series of consecutive cases.
The considerable variations in the acid and peptic values of the stomach-contents after a test-meal of constant composition which Occur from day to day in one and the same individual render it necessary that any adequate conclusions as to the effect on these of any particular factor must be based on averages of repeated observations on the several cases of the series. The inmportance of this does not appear to have been adequately recognized by previous observers, and accordingly it was anticipated that some amplification of the recorded conclusions might at least result from its adoption.
Our observations were made on a series of 40 individuals, most of whom had manifestations of some gastric disorder. In 12 cases some 80 observations were made on the acid values of the stomach-contents only, in 21 cases 140 observations included both the acid and peptic values, and in six cases 40 observations further included estimations of the volume of the stomach-contents.
The mnethods employed consisted in the administration of a testbreakfast of 10 oz. of freshly-infused tea without milk or sugar and four " breakfast " biscuits on the empty fasting stomach at 8 a.m., and its subsequent withdrawal one hour later. The evacuated stomachcontents were immediately filtered, and in the filtrate the free HCI and the total acidity were estimated by titration with decinormal soda solution, dimethylamidoazobenzol and phenolphthalein, respectively, being used as indicators, and the results are expressed simply in terms of the number of cubic centimetres of decinormal soda solution required to neutralize the respective acidities in 100 c.cm. of filtrate. The peptic activity and the pepsin-content were estimated by Schiff and Nierenstein's modification of the method of Mett, and the volume of the stomach-contents by the dilution method of Matthieu and ReTmond. Alternately with such a control test-breakfast, or on several consecutive days after a series of such, a similar test-breakfast was preceded by the administration of tincture of belladonna (standardized to 0 05 per cent. total alkaloids) in doses of ntv or very occasionally of 'nix.
The results of our observations show conclusively that the administration of belladonna by the mouth before food in average doses of 1yv of a standardized tincture results in a considerable reduction in the acid values (both absolute and relative) of the stomach-contents, a reduction which in the whole series of observations averaged 13'6 for the free HCl and 13'1 for the total acidity. A consideration of the individual cases shows this action of belladonna to be curiously variable in the different series of cases, in different individuals of the same series, and even the same individual at different times.
On classifying all the cases investigated on the basis of the control estimations into those with hyperacidity (free HCl = 40+), those with normal acidity (free HCl-20 -40), and those with hypo-acidity (free HCI -20 -), as in the following table (Table I) , it is of practical interest to find that the action of belladonna in reducing the acidity of D-lla the stomach-contents is most marked in those conditions associated with hyperacidity, and least in those with hypo-acidity; whilst subclassifying them according to lesion reveals the curious fact that the drug is particularly effective in reducing the hyperacidity associated with duodenal ulcer. Hypo-acidity 20-
The figures in brackets denote the number of cases investigated. 2 The difference between the average free HCl values of the control and the belladonna observations.
It is important to note that, in the absence of any precise estimation of the volume of gastric juice secreted, nothing can be inferred from variations in the acid values of the stomach-contents as to the acidity. of the native juice; in fact, as the work of Pawlow and of Bickel seems to have established that the acidity of the native juice is curiously constant, variations in the acid values of the stomach-contents can be but the expression of variations in the volume of gastric juice secreted.
The results of our observations on the effect of the administration of belladonna on the peptic activity of the stomach-contents present many features which are difficult of interpretation. Table II (p. 28) presents the averages of the several observations in each of twenty cases in which the peptic activity was investigated.
It should be noted that in these estimations the figures representing the peptic values are obtained by squaring the length in millimetres of a column of coagulated egg-albumin digested in twenty-four hours at 370 C. by (A) the undiluted filtrate, (B) one part of filtrate diluted with three parts of 2 HCI, and (C) one part of filtrate diluted with fifteen parts of -HCI.
The figures in column A may be regarded as approximate estimations of the peptic activity of the stomach-contents at the time of their withdrawal from the stomach, whilst those in columns B and C are to be regarded as approximate estimations of the relative amounts of pepsin itself present in the stomach-contents.
From the average figures of all the cases it is apparent that the absolute dimninution in the acid values is associated with an absolute diminution in the peptic activity of the stomach-contents and in the pepsin concentration of the stomach-contents, and also from the figures of the total observations it would appear that the relative diminution of the peptic activity and of the pepsin exceeds that of the acid values. A similar relation obtains in the gastric ulcer series, whilst in the miscellaneous series the relative diminution in the pepsin concentration of the stomach-contents. is somewhat less than that in the acid values, the diminution in the relative peptic activity being greater. In the duodenal ulcer series, on the other hand, very striking discrepancies are manifest on comparing the effect of belladonna on the acid and peptic values, both absolute and relative. In the individual observations on all classes of case similar discordant results were of occasional occurrence; thus in any one case it happened not very infrequently that two testbreakfasts giving approximately the same acid values yielded very different degrees of peptic activity and pepsin concentration.
The explanation of these apparent discrepancies is very elusive; the method is comparatively simple, the technique is seemingly capable of standardization, and by dilution the influence of variations in the acidity and in the concentration of antipeptic substances is, it is beiieved, largely eliminated, and yet it is difficult to get rid of the idea that some fallacy in the method is in some measure responsible for these discrepancies.
It may be, of course, that our results are but an expression of the quasi-independence of the acidogenic and pepsinogenic functions of the gastric glands established by Pawlow, although it is well to remember that Pawlow's conclusions as to the pepsinogenic functions of the gastric glands are largely, if not wholly, based on observations made according to the method of Mett.
In order to determine whether the reduction in the acid and peptic values of the stomach-contents produced by the administration of belladonna is in any way associated with mere dilution of the stomachcontents-dilution secretion-observations were made on six cases to determine the average volume of the stomach-contents, but, as is apparent in the tabulation of the results, no such variations (see Table III , p. 30) in the volume of the stomach-contents was demonstrable by the method employed as could afford an explanation of the reduction of the acid values by mere dilution. The irregular and relatively small variations in the volume of the stomach-contents in the individual cases disappear in the averages of the total observations. If it is assumed that the diminution of the acid values of the stomach-contents produced by belladonna is the result of a diminution of the volume of gastric juice secreted rather than of a diminution of its HCI concentration, as is in accordance with the observations of Pawlow on animals and of Bickel on the human subject, then the absence of any corresponding diminution in the volume of the stomach-contents can only be interpreted as being due to a coincident inhibitory action of the drug on the motor functions of the stomach leading to delayed emptying, an action of belladonna which has already been established.
A consideration of the individual observations shows that the action of belladonna in diminishing the acid and peptic values of the stomachcontents is transitory. Thus a control test-breakfast on a day folrowing the administration of belladonna, or after several consecutive days on which the drug has been administered, will yield acid values closely approximating to those obtained by such previous controls. In no case didT we find any clear evidence of the establishment of tolerance to the drug, although such has been stated by Schiff to obtain comparatively early.
In addition to these observations on the acid and peptic values of the stomach-contents, we have more recently been able to ascertain the action of this drug on certain disorders of gastric motility. In the course of some radiographic observations it was noted that the administration of belladonna rapidly sufficed to relax abnormal spasm of the gastric musculature, and even accelerate the transit of the stomach-contents into the duodenum. This spasm-inhibiting action, which is referred to by Jonas, is probably of considerable therapeutic importance, and with the action on gastric secretion renders belladonna worthy of a definite place among the serviceable drugs in the treatment of gastric disorders. 
DISCUSSION.
Dr. HERTZ said he was very glad to hear the results obtained by Dr. Craven Moore and Dr. Kilroe, because they confirmed the clinical experience which he had himself had with atropine in the treatment of gastric and duodenal ulcer. He wished to know how long before a meal the belladonna was given, and how often in the day the dose was repeated. Dr. Moore said that in his early experiments he used atropine and later belladonna. He (Dr. Hertz) would like to know whether Dr. Moore had some special reason for preferring belladonna to atropine. One of the most remarkable conclusions drawn from this investigation was that, although the percentage of hydrochloric acid was always diminished, the volume of the gastric contents did not diminish. That differed strikingly from the effect of atropine on other glands; the characteristic action of atropine was seen in salivary secretion, in which the volume of the saliva was diminished, but its character remained unaltered. In the case of the stomach, it would seem that one particular part of the functional activity of the gland cells was altered, as they secreted less hydrochloric acid but the same quantity of water as before. He was much interested in the experience of the authors in regard to belladonna relieving "spasm" of the stomach. He asked what was the evidence of the spasmodic condition, and whether they had actually seen it by means of the X-rays. He had watched with X-rays the effect of belladonna on spasm in the intestines. A patient with a growth of the pelvic colon had been given a bismuth meal the previous day, so that the whole colon was visible. He had very severe paroxysms of pain; every time he groaned one could see the whole of the colon contract, the bismuth being rapidly projected from one end to the other in an extraordinary way. It was not a peristaltic wave, but a tetanic contraction affecting a considerable portion of the gut. In the intervals between the paroxysms the lumen of the colon was rather smaller than usual. Belladonna was given in rather larger doses than Dr. Moore gave it; the pain disappeared, and the next day none of the spasmodic movements were present, and the lumen of the colon had increased to three times what it was before.
There was thus a diminution in the tone of the gut, as well as disappearance of the spasmodic conditions. Dr. NATHAN RAW said the valuable work which Dr. Craven Moore and Dr. Kilroe had done served to confirm the opinion that belladonna was of the greatest value in some forms of dyspepsia; but he wished to know whether the authors had taken into account the idiosyncrasy of any patient towards belladonna, because it was known that many people were susceptible to quite minute doses of belladonna or atropine.
Dr. HERBERT FRENCH desired to refer to what might appear to be a different branch of medicine namely, to the bullous dermatoses, such as pemphigus, erythema bullosum, dermatitis herpetiformis, herpes gestationis, and similar skin eruptions associated with bullae. The older view that they were of nerve origin was being given up in favour of the view that they were attributable to a poison or poisons produced inside the body. There was evidence that at least some of them were due to poisons of a ptomaine nature absorbed from the alimentary canal, as in a case which occurred recently, as follows: A family were very poor, and had some meat given to them for their Sunday dinner. The children did not like the taste of it, and refused to eat it; they said it was stinking. But the mother and father ate it. The father had acute ptomaine poisoning of the ordinary type, whilst the mother, instead of developing acute diarrhcea and vomiting, broke .out into severe and typical pemphigus. He did not know whether all cases of bullous dermatoses would some day be traced to allied or similar causes, but it was of interest, in connexion with the present discussion, to recall the fact that, although many of these cases were benefited by arsenic, some of them were not, and that, as Dr. J. F. Payne had pointed out, when other remedies failed to relieve those dermatoses, small doses of belladonna would often succeed. He had tried it and found it an admirable remedy. Was it possible that the belladonna modified the secretions of the alimentary canal sufficiently to cure what was the original cause of the skin trouble-namely, the production of some toxic substance in that canal?
Sir JOHN BROADBENT asked what evidence the authors had of the existence of the spasm which they spoke of. Was the evidence a particular kind of pain after meals, or was it based upon X-ray examination ? He thought that in most cases of duodenal ulcer there was some dilatation of the stomach, not only in cases of marked hypertrophy due to stricture, but also where there was duodenal ulcer without any marked thickening or constriction being evident at the operation when gastro-enterostomy was performed. He wondered whether that dilatation was due to a reflex spasmodic contraction of the pylorus at the time the food began to pass over the duodenum, owing to irritation of the ulcer. Would Dr. Moore state what evidence he had on the question of spasm? It was difficult to be sure that there was spasm at the pyloric end of the stomach, or in any particular part of it. One could say a person had colic in the intestine, but it was difficult to localize it. In certain cases of hour-glass stomach there was something of the kind, but it was difficult to be certain of pyloric spasm in duodenal ulcer without some definite evidence, such as that afforded by bismuth and X-ray examination. Another point was as to the effect of belladonna on the pepsin secretion. One would have thought that if it had a marked effect on the acid secretion, it would have a marked effect also on the pepsin secretion, and that when trying to check hyperacidity one might interfere too much with the pepsin secretion. He asked whether the dose was limited to ILv, or whether a larger dose was given when administered to check the spasm.
Dr. KILROE said that, whilst there was nothing to add to what had been said by Dr. Craven Moore as to the experimental results, he would like to emphasize that aspect of the subject which could not be so definitely formulated-namely, the effect of belladonna on the subjective manifestations of dyspepsia. As house physician to the Ancoats Hospital he had abundant opportunity of noting the effect of the use of belladonna, and he was very positively impressed with the benefit which followed its administration in cases where there were manifestations of hyperacidity, and particularly when associated with painful spasm; even in some cases of gastric carcinoma the pain of this disease was relieved by belladonna.
The PRESIDENT (Dr. Mitchell Bruce), in thanking the authors for their papers, said he would be glad if Dr. Moore would explain on what grounds he based his diagnosis of gastric and duodenal ulcer: was it on ordinary clinical grounds or on surgical or post-mortem evidence? He also wished to ask what was Dr. Moore's final impression of the practical value of the method of treatment by belladonna. Were the cases permanently benefited by it, or had the drug to be given from time to time ? He had gathered that it had to be continued: that tile improved condition depended largely on such continuance. He would also like to know the relative value of the different preparations of belladonna. Some of these were notoriously imperfect, and therefore unreliable, while those skilfully prepared by good chemists were particularly active. He was interested also in the relative value of belladonna and atropine; the latter must be a more elegant drug to use than belladonna. He had never used belladonna for that purpose; what he had tried to do in order to diminish the hyperacidity of gastric contents and secretions had been to give an acid before meals, which was theoretically indicated in order to diminislh the activity of the gastric juice. He was very glad to find that belladonna provided a means of controlling hyperchlorhydria; and members would be glad to hear Dr. Craven Moore's final conclusions on the matter, and whetlher he would continue its use in routine practice. Dr. CRAVEN MOORE, replying to the President, said that the majority of the cases of duodenal ulcer and some of gastric ulcer were confirmed at operation, otherwise the diagnosis depended on the presence of definite physical signs and symptoms. With regard to the mode of action of belladonna, it was probable that the drug paralysed the terminations of the secretory fibres of the vagus, and in that way interfered with the psychical secretion rather than with the secondary secretion, which was of chemical origin. In a case where there was continuous secretion, it had been shown by Dr. Braham (Ancoats Hospital) that belladonna was less effective if administered on the fasting stomach which contained some active juice than if the stomach had been previously washed out. The explanation seemed to be that in the former case there was sufficient active juice to initiate digestion immediately and start the secondary secretion. With regard to the clinical value of the drug, he was quite satisfied as to its beneficial effects, and, though it obviously had no lasting influence, it was possible by its use to keep the local conditions well within the normal limits, and so allow of a gradual natural restoration of the disordered functional activity which was responsible for the patient's disability.
